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Abstract  33 
 34 
Purpose: To understand the validity of differential ratings of 35 
perceived exertion (dRPE) as measure of girl’s training and 36 
match internal loads. 37 
Methods: Using the centiMax scale (CR100®), session dRPE for 38 
breathlessness (sRPE-B) and leg muscle exertion (sRPE-L) were 39 
collected across a season of training (soccer, resistance, fitness) 40 
and matches from 33 players (15 ± 1 years). Differences and 41 
associations between dRPE were examined using mixed and 42 
general linear models. Our minimal practical important 43 
difference was 8 arbitrary units [AU]. 44 
Results: Mean (AU ± standard deviation ~16) sRPE-B and 45 
sRPE-L were 66 and 61 for matches, 51 and 49 for soccer, 86 46 
and 67 for fitness, and, 45 and 58 for resistance. Session RPE-B 47 
was rated most likely harder than sRPE-L for fitness (19 AU; 48 
90% confidence limits [CL]: ±7) and most likely easier for 49 
resistance (-13; ±2). Match (5; ±4) and soccer (-3; ±2) 50 
differences were likely to most likely trivial. The within-player 51 
relationships between sRPE-B and sRPE-L were very likely 52 
moderate for matches (r = 0.44; 90% CL: ±0.12) and resistance 53 
training (0.38; ±0.06), likely large for fitness training (0.51; 54 
±0.22) and most likely large for soccer training (0.56; ±0.03). 55 
Shared variance ranged from 14-35%.  56 
Conclusions: Practically meaningful differences between dRPE 57 
following physical training sessions coupled with low shared 58 
variance in all training types and matches suggest that sRPE-B 59 
and sRPE-L represents unique sensory inputs in girls soccer 60 
players. Our data provide evidence for the face and construct 61 
validity of dRPE as measures of internal load in this population. 62 
 3 
Introduction  63 
The English Football Association support girls soccer Regional 64 
Talent Clubs (RTC) to develop elite players. There is an 65 
abundance of research on the physical aspects of male soccer 66 
(e.g., match analysis, fitness characteristics, and training 67 
patterns) but as yet research on the female game is largely 68 
confined to match analysis of elite senior competition and fitness 69 
characteristics. The demands of RTC soccer have not been 70 
previously captured, making it difficult for practitioners to 71 
adequately plan effective training to prepare players for the 72 
physical demands of matches. Using data from elite women1 to 73 
inform the training of developmental players is not ideal given, 74 
for example, differences in maturity and fitness 2. 75 
Understanding the internal response to external loads placed 76 
upon players is particularly relevant to practitioners. 3,4  Internal 77 
response to training can be measured practically using session  78 
ratings of perceived exertion (sRPE), which provide a valid 79 
quantification of relative exercise intensity and internal load 80 
across a range of exercise modalities. 5,6 Ratings of perceived 81 
exertion are also cost- and time-effective, lending to girls RTC 82 
programmes where resources can be limited. However, sRPE, as 83 
a gestalt measure of internal load, may not adequately appraise 84 
the entire range of exercise-induced perceptual sensations, 85 
thereby lacking sensitivity.7 Differentiating between central and 86 
peripheral inputs may be one solution to overcome this issue and, 87 
provide a broader understanding of internal training load. 7,8  88 
An emerging body of evidence is available to suggest that 89 
differential RPE (dRPE) are a worthwhile addition to internal 90 
monitoring procedures in team sports, as athletes often perceive 91 
a substantial difference between their central (i.e. breathlessness; 92 
sRPE-B) and peripheral (i.e. leg muscle; sRPE-L) exertion when 93 
this difference is theoretically known or expected (face and 94 
construct validity). 9 For these reasons, dRPE have been 95 
recommended as a suitable indirect alternative to measuring an 96 
athlete’s internal physiological (i.e. cardiovascular) and 97 
biomechanical (i.e. neuromuscular) internal loads.10 This could 98 
be useful to those responsible for the physical development of 99 
female youth soccer players, as physiological and biomechanical 100 
systems differ in rates of adaptation, recovery and 101 
growth/development. 10,11 102 
In response to experimental evidence demonstrating no 103 
difference between dRPE (from one another and from global 104 
sRPE; 12-15), some authors have questioned the value in this 105 
method. 14,16 Furthermore, it has been suggested that dRPE and 106 
global sRPE are not mutually exclusive constructs, 16 meaning 107 
that a change in one dimension will be met proportionately by 108 
all others. This has implications for athlete monitoring, because 109 
it would be inefficient to collect several highly correlated 110 
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measures of training load explaining the same information.17 As 111 
such, there is a need for further research to understand if dRPE 112 
provides added value in the measurement of internal load over 113 
sRPE alone. For example, do dRPE provide different 114 
information not only to one another but also when compared to 115 
sRPE? Moreover, no research has yet evaluated dRPE in youth, 116 
where research on adult populations may not be transferable 117 
given the potential for cognitive development to influence the 118 
accuracy of RPE. 18  119 
Our retrospective study was therefore designed with an 120 
overarching aim of providing a comprehensive understanding of 121 
dRPE and its validity in girls RTC soccer. Subsequently, the 122 
objectives were to: 1) quantify differences in ratings (global and 123 
differential) following training and match-play as a means of 124 
assessing validity via known groups differences, and 2) provide 125 
the first examination of the within-player associations between 126 
each dRPE and global sRPE for matches, soccer and, resistance 127 




Thirty-three girls’ soccer players (age 15 ± 1 years, stature 163 132 
± 7 cm, body mass 55 ± 9 kg, maturity offset 1.8 ± 1.1 years from 133 
peak height velocity) representing an FA Regional Talent Club, 134 
participated in this retrospective observational research. 135 
Maturation, expressed as years from peak-height velocity was 136 
estimated using the players’ mass, sitting and standing stature 137 
with chronological age. 19 Players typically attended two 90-138 
minute soccer and one 70-minute resistance training session each 139 
week. Resistance training involved a variety of neuromuscular 140 
training stimuli as outlined previously. 20 Occasionally, typical 141 
training sessions were replaced throughout the season with 142 
conditioning sessions targeting the development of aerobic 143 
fitness. These sessions typologies were classified for analysis by 144 
their primary or targeted goal (‘soccer’, ‘resistance’, ‘fitness’). 145 
Players also completed one 60 minute “movement” training 146 
session which combined technical and fundamental movement 147 
skills aiming to provide broad and varied cognitive and technical 148 
stimuli. As such, we did not feel it was conceptually relevant to 149 
differentiate between perceptual stimuli here and these 150 
“movement” sessions were not included.  151 
Ethics approval was granted from the University ethics 152 
committee (SSSBLREC008) and conducted to standards set out 153 
in the Declaration of Helsinki. After obtaining player and 154 
parental consent, RPE were collected for each training session 155 
and, nine soccer matches over the course of a season. We 156 
collected 1097 observations for soccer training (n=50 training 157 
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sessions), 558 for strength and conditioning (n=33) and 64 for 158 
fitness training (n = 3). In total, 157 match observations (n=10) 159 
were made throughout the season. On each observation all three 160 
RPE were collected in the same order (global RPE, sRPE-B, 161 
sRPE-L) and at the same time. 162 
 163 
Methodology 164 
Approximately 15–30 minutes post-session, players used a 165 
touch-screen tablet application21 (Iconia One 7 B1-750, Taipei, 166 
Taiwan: Acer Inc.) to record their sRPE (global, sRPE-B, sRPE-167 
L) via the CR100® scale, which was numerically blinded, 168 
labelled with the idiomatic English verbal anchors. This allowed 169 
each player to record their scores confidentially to mitigate 170 
issues of conformation and cognitive bias (i.e., ratings 171 
influenced by team mates). Players were habituated with this 172 
procedure for approximately 1 year prior to the current study, 173 
ensuring familiarity with the entire range of sensations that 174 
correspond to each category of effort within the CR100® scale 175 
(i.e. ‘anchoring’). Players received prior instruction on the 176 
definition of effort perception, including its separation from 177 
other exercise related sensations such as fatigue, pain or 178 
discomfort, and how to appraise feelings of overall effort, 179 
breathlessness, leg muscle exertion and technical/cognitive 180 
demands. 181 
 182 
Statistical Analysis 183 
We inspected the histograms and Q-Q plots of the raw data 184 
visually for normal distribution. All data were approximately 185 
normal with the exception of sRPE-B where a slight positive 186 
skew was observed for fitness. Mixed linear modelling (SPSS 187 
Statistics version 24) was used to analyse the difference between 188 
fixed effects (comparing between sRPE types within a training 189 
modality or match, and comparing training sRPE with match 190 
sRPE [reference category]), while using a random effect for 191 
player (intercept; variance components) to account for repeated 192 
within-athlete observations (subsequently expressed as standard 193 
deviations [SD]). To determine if higher global sRPE were 194 
associated with dRPE, a general linear model was used to 195 
provide estimates of within-player correlations. 8,22 196 
Uncertainty in all estimates were expressed as 90% confidence 197 
intervals (CI). We subsequently applied non-clinical magnitude-198 
based decisions 23,24 to describe the size and precision of sRPE 199 
differences and correlations. Here, the disposition of the effect 200 
distribution (t for sRPE differences and z for sRPE correlations) 201 
in relation to thresholds for substantiality were evaluated as 202 
probabilities (percent chances). For sRPE differences, we used a 203 
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minimum practically important difference of 8 AU, as this 204 
magnitude represents the shift required for a player’s rating to be 205 
typically closer or equal (e.g. halfway) to the next or preceding 206 
effort category on the non-linear CR100® scale 9. This is more 207 
conservative compared to choosing a distribution-based 208 
approach (e.g., 0.2 × between-player SD), which are often far 209 
lower than 7–10 AU. 9 We acknowledge that this threshold is not 210 
perfect, particularly as the non-linearity of category-ratio scales 211 
presents a challenge to setting such a threshold however, we feel 212 
this represents a step-forward in attempting to define a practical 213 
important difference. Standardised effect sizes were calculated 214 
from the pooled within- and between-subject SD and reported 215 
but not interpreted not only because they may lack practical 216 
context but also as they maybe more vulnerable to sample 217 
variance. 25 For within-player correlations, and in light of no 218 
practical anchor for a meaningful association, thresholds of 0.10, 219 
0.30, 0.50, and 0.70 were used to anchor small, moderate, large 220 
and very large relationships, respectively. 23 Given the above 221 
concerns regarding standardization the raw effect slopes were 222 
calculated and presented additionally.   223 
Probabilities of effects being greater than these thresholds were 224 
qualified as: 0.5–5.0 % very unlikely; 5.0–24.9 % unlikely; 225 
25.0–74.9 % possibly; 75.0–94.9 % likely; 95.0–99.5 % very 226 
likely; > 99.5 % most likely.  Finally, given the chance of 227 
inflated type I error with multiple comparisons, all inferences 228 
were re-evaluated with 99% CI. 23 229 
 230 
Results 231 
Mean global and differential sRPE for each typology are 232 
presented with between- and within-player SDs in Figure 1.  On 233 
average, matches were rated hard to very hard for both 234 
breathlessness and leg muscle exertion; soccer training was rated 235 
hard for breathlessness and leg muscle exertion; fitness training 236 
was rated very to extremely hard for breathlessness and hard to 237 
very hard for leg muscle exertion, and; resistance training was 238 
rated somewhat hard to hard for breathlessness and hard to very 239 
lard for leg muscle exertion. 240 
We present differences in exertion between typologies in Table 241 
1. Session RPE-B was most likely harder than sRPE-L for fitness 242 
and most likely easier for resistance. Match and soccer dRPE 243 
differences were likely to most likely trivial. 244 
The differences between RPEs, within typologies, are presented 245 
in Table 2. Compared to matches: soccer training was rated 246 
substantially easier for all exertion types; resistance training was 247 
substantially easier for global sRPE and sRPE-B, but not sRPE-248 
L, and; fitness training was rated substantially harder for all 249 
exertion types. 250 
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Within- player correlations between exertion types are presented 251 
in Figure 2 and Figure 3. The within-player relationships 252 
between sRPE-B and sRPE-L were very likely moderate for 253 
matches (r2 = 0.19) and resistance training (r2 = 0.14), likely 254 
large for fitness (r2 = 0.26) training and most likely large for 255 
soccer training (r2 = 0.31). 256 
 257 
 258 
Discussion   259 
We present for the first-time data describing the internal training 260 
and match exertion in girls RTC soccer. Through examination of 261 
post-match and training ratings (global and differential) we 262 
observed practically meaningful differences between sRPE-B 263 
and sRPE-L following training with distinct physical outcomes 264 
(e.g., fitness and resistance). These differences may reflect the 265 
different physiological stresses of fitness and resistance training, 266 
providing further evidence of face and construct validity of 267 
dRPE via known groups differences.26 Conversely, we also 268 
observed moderate to large within-player associations between 269 
differential and global sRPE (range in within-player r of 0.38–270 
0.67). While this supports previous theories that differentiated 271 
ratings are not mutually exclusive constructs, 16 it also implies 272 
that the shared variance between ratings is low (14–45%). 273 
Collectively, these findings suggest that dRPE represent unique 274 
sensory inputs, providing evidence for face and construct 275 
validity as measures of internal response in girls soccer players. 276 
 277 
Practically meaningful differences between sRPE-B and sRPE-278 
L were observed in training typologies with a distinct physical 279 
goal (i.e. fitness and resistance), yet differences in perception of 280 
breathlessness and leg exertion observed in soccer training, 281 
where the goal was primarily technical and/or tactical were, 282 
trivial. This trivial difference could be explained by the fact that 283 
although soccer training was not prescribed with a targeted 284 
physical stimulus, the central and peripheral internal responses 285 
associated with the session are nonetheless substantial (Figure 1, 286 
‘Hard’) and likely to vary on a session-to-session basis (ranging 287 
from more central to more peripheral) across long operational 288 
periods. For resistance training, however, global sRPE and 289 
sRPE-L were rated substantially harder than sRPE-B (Table 2), 290 
likely reflective of the musculoskeletal and neurological aspect 291 
of this training typology. Given the goal of resistance training is 292 
to stress the neurological and musculoskeletal systems by 293 
exerting force against a resistance to elicit acute 294 
(neuroendocrine) and chronic (neurological or morphological) 295 
adaptations, 27,28 it seems logical that players would perceive 296 
higher sRPE-L when compared with sRPE-B. For fitness 297 
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sessions, sRPE-B was rated substantially harder than leg 298 
exertion. These training sessions were running based interval 299 
training and targeted improvements in soccer specific aerobic 300 
fitness. 29 Whilst, we were limited to 64 observations on only 301 
three training sessions higher sRPE-B has been shown for 302 
similar training sessions previously 21 and may reflect the central 303 
or cardiovascular demands 30 of this training modality. 31 Indeed, 304 
higher cumulative sRPE-B has been associated with 305 
improvements in Yo-Yo intermittent recovery test level 1 306 
performance in team sport athletes. 9 Collectively, these sRPE-B 307 
and sRPE-L differences provide evidence to support the validity 308 
of dRPE in youth female soccer players.  309 
 310 
In matches sRPE-B was harder than sRPE-L by 5 AU (90% CI 311 
~1 to 9, effect size 0.34,) but we did not regard this difference to 312 
be practical meaningful (> 8 AU, Table 2). There was also a 313 
trivial difference between match sRPE-B and global sRPE, yet 314 
match sRPE-L was substantially lower than global sRPE. This 315 
could suggest that the global effort sense is mediated more so by 316 
central as opposed to peripheral factors in youth female soccer 317 
players during matches. Indeed, match sRPE-B had the strongest 318 
within-player association with global sRPE, which would further 319 
support such a statement. Previously, peripheral sensations have 320 
been rated higher than central in match play in elite male 321 
Australian Rules Football players 8 and semi-professional male 322 
soccer players 13. The disparity in these findings with our current 323 
data could represent differences in aerobic and anaerobic 324 
capability between adults and adolescents, 11 with the latter 325 
typically lower due to development, growth and maturation. 326 
Adolescent girls may also be more efficient in re-synthesis of 327 
phosphocreatine than women. 32 In contrast, previous literature 328 
suggests perceptions of leg exertion appear to provide the 329 
dominant sensory signal in younger children (8 – 12 years), but 330 
this maybe explained by the choice of cycle ergometery as a 331 
modality in these studies. 18 Overall, this could indicate that 332 
central or aerobic fitness is an important physical quality 333 
associated with the response to match-play in this population. 334 
 335 
Despite dRPE appearing sensitive in the ability to capture 336 
discrete sensory inputs, separate ratings for central and 337 
peripheral perceived exertion may not be entirely mutually 338 
exclusive constructs 16 and our data are in support of this. We 339 
report for the first time moderate to large within-player 340 
correlations between dRPE (range in r: 0.59–0.69) and of global 341 
sRPE with both sRPE-B (0.59–0.69) and sRPE-L (0.34–0.51; 342 
Figure 2). Practically, this implies that during girls soccer 343 
training and match-play, a change in one sRPE dimension 344 
(overall, central or peripheral) is strongly associated with a 345 
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change in any other. Despite this, our largest observed 346 
correlation, between global and breathlessness RPE in soccer 347 
training, was 0.67, which at best explains only 45% of the 348 
variance between the two measures. Furthermore, despite no 349 
practically meaningful differences between sRPE-B and sRPE-350 
L following match-play or soccer training, the shared variance 351 
between the two measures was 19–31%. Thus, despite some 352 
clear collinearity between global, central, and peripheral 353 
perceived exertion, we feel that these data do in fact strengthen 354 
the case for adopting dRPE to monitoring strategies in girls 355 
soccer.  356 
 357 
Data collected from players during training and matches can aid 358 
athlete management, training prescription and decision 359 
making—ultimately facilitating player development. In our 360 
investigation, sRPE-B was substantially higher for fitness 361 
training compared to matches.  Soccer specific fitness has been 362 
observed previously to improve over pre-season in response to 363 
fitness training in these players but not the in-season period 364 
where players perform predominantly soccer and resistance 365 
training 29,33 Together, these data suggest the use of targeted 366 
fitness training interventions that increase sRPE-B (such as high-367 
intensity interval training 29) over the in-season period could be 368 
justified particularly given the substantial sex differences 369 
reported between boys and girls players. 2   Practitioners may 370 
wish to design such interventions so as to sensibly expose 371 
players to exertion that is beyond match intensity as opposed to 372 
training that purely replicates competition. However, given the 373 
low number of observations for fitness in our study we would 374 
recommend further research here. 375 
 376 
We observed substantial within- and between- player variation 377 
in all sRPE types for all training typologies (Figure 1). For match 378 
intensity, within-player (match-to match) variability  was similar 379 
to that reported in elite male AFL players,8 but our between-380 
player variability (heterogeneity) was larger. It is likely the range 381 
in maturation and training status of our youth players explains 382 
the greater between-player variation compared with professional 383 
athletes. Cardiorespiratory factors involved in RPE appear to 384 
increase with aging and, adolescence corresponds with an 385 
increase in logical-mathematic meaning. 18 Whilst there is a 386 
relative paucity of conclusive research in this area it is possible 387 
that differences in both physical and cognitive maturation could 388 
partly explain this heterogeneity. This highlights the importance 389 
of comparing within- rather than between players when 390 
monitoring training in girls’ soccer. Coaches and practitioners 391 
should thus be aware of the uncertainty in these data when 392 
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assessing practically important changes in an individual player’s 393 
sRPE.  394 
 395 
The common use of standardised effect sizes in sports 396 
performance research has recently been challenged (e.g. 397 
Kyprianou and colleagues 25), with anchors of practical 398 
importance recommended as preferable to interpret the 399 
magnitude of an effect. 34 We elected to use a minimum 400 
practically important difference of 8 AU, as this magnitude 401 
represents a typical ‘on the scale’ change required for a player’s 402 
RPE to be closer or equal (e.g. halfway) to the next or preceding 403 
effort category across the non-linear CR100® scale. 9 We 404 
acknowledge that this threshold is not perfect, but had we used 405 
the more common approach of standardization (e.g., 0.2 SDs; ~3 406 
AU in this instance) we would have interpreted substantial 407 
differences between ratings that lack practical relevance (e.g., 5 408 
of the 7 trivial inferences in Table 1 would have appeared 409 
substantial). For example, match RPE-B would have appeared 410 
likely harder than match RPE-L (81% chance), constituting a 411 
small standardised effect size (0.34, ± 0.26). The interpretation 412 
of correlations using standardised thresholds (r and r2) could be 413 
similarly criticised. For example, despite moderate to large 414 
correlations, changes in global sRPE between matches of >22 ±8 415 
AU or >13 ±3 AU would be required to be equivalent to a 416 
practically meaningful change in sRPE-L or sRPE-B 417 
respectively. A potential additional advantage of reporting the 418 
non-standardised slopes (figures 3 and 4) is that it allows 419 
interpretation of these relationships in raw units that may be 420 
more relatable for coaches and practitioners. We therefore 421 
recommend consideration of a minimum practically important 422 
difference (e.g., 8 AU) 9 for those interpreting RPE in both 423 
research and practice. 424 
The main limitation to our study was the observational, rather 425 
than experimental, nature of the research design, which may 426 
limit the level of evidence and overall conclusions drawn from 427 
the data. Furthermore, while our aims were to further understand 428 
dRPE in a girls soccer population, our findings may be limited 429 
to this group and it is as yet unknown if the findings drawn from 430 
our sample (one RTC) are reflective of the wider population. We 431 
were also unable to quantify external load within this study 432 
which may limit our understanding of the specific types of 433 
activity that result in a given internal response (for example, we 434 
do not know if a higher sRPE in a match is due to greater total 435 
distance covered or the requirement to repeat more bouts of high-436 
speed running). However, this provides a notable first step to 437 
understanding the demands of RTC soccer and further research 438 
with multiple RTCs would be warranted.   439 
 440 
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Practical applications.  441 
There may be several practical applications from both training 442 
monitoring and physical preparation perspectives that can be 443 
drawn from our current findings. Assessing the differences 444 
between global and differential sRPE may provide practitioners 445 
with useful information into the specific internal responses 446 
following training and matches in youth female soccer players.  447 
More specifically, since there appears to be a moderate to large 448 
association between global, central and peripheral exertion, 449 
substantial deviations from the linear relationship between any 450 
two of these constructs can be used to infer on ‘unusual’ changes 451 
that could be caused by fitness or fatigue. 4  Regarding the 452 
interpretation of an individuals’ data, we estimate that a 453 
threshold of 8–19 AU represents possible to likely meaningful 454 
changes in match or training sRPE. This was derived following 455 
methods previously described,8  using our within-player SD of 456 
15–16 AU, a threshold for minimum practical importance of 8 457 
AU, an 80% confidence level. We acknowledge that 19 AU is 458 
both a large and conservative threshold, but practitioners can be 459 
confident that changes of this magnitude are likely free from 460 
noise and also of real-world importance.  Practically, changes of 461 
this magnitude might simply represent a typically ‘hard’ session 462 
being subsequently rated as ‘somewhat hard’ or ‘very hard’. 463 
Alternatively, in athlete monitoring it may be more problematic 464 
to make a type II rather than a type I error, a threshold of 8 AU 465 
is possibly real e.g. harder (50% chance) but, practitioners 466 
should be aware of the possibility that it could be either trivial 467 
(34% chance), or indeed easier (16% chance).  Finally, from a 468 
physical preparation perspective, our data show that soccer 469 
training alone may not provide an adequate stimulus to prepare 470 
players for the internal demands of matches. Incorporating 471 
aerobic conditioning to target sRPE-B above match intensity 472 
and, neuromuscular training for sRPE-L into girls’ RTC training 473 
could be beneficial to prepare players for the demands of the 474 
game. 20  475 
 476 
Conclusions 477 
In the first investigation of girls soccer match and training dRPE, 478 
we found practically meaningful differences between global, 479 
central and peripheral ratings collected in youth female soccer 480 
players following training sessions which target physical 481 
outcomes. When the direction and magnitude of these 482 
differences are aligned with the known physiological and 483 
biomechanical responses to exercise, our data provide evidence 484 
for the face and construct validity of dRPE in girls soccer 485 
players. With the putative practical recommendations in mind, 486 
our data suggest that dRPE are valid and a worthwhile addition 487 
to training and match monitoring for RTC practitioners.  488 
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 489 
Figure legends:  490 
 491 
Figure 1: Mean global and dRPE for matches and training 492 
typologies with error bars represented the between- (thin black 493 
lines) and within- (thick grey lines) player standard deviations.  494 
Figure 2: Within-player correlations for sRPE-B and sRPE-L 495 
with global RPE. Standardised (r) and raw (β) effects are 496 
presented with the uncertainty expressed as ±90% confidence 497 
limits.  498 
Figure 3: Within-player correlations for sRPE-L with sRPE-B 499 
with global RPE. Standardised effect sizes are presented (r) with 500 
the uncertainty expressed as ±90% confidence limits  501 
 502 
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